main gonadal (steroid) pheromone released by a 25-g female goldfish (33). Interference with this pheromone system offers an attractive target for selective and environmentally benign control of the sea lamprey, whose invasion of the Great Lakes represents arguably the worst ecological disaster ever to befall a large watershed (34).
(1999). 13. Animals were classified as spermiating males and ovulated females if milt and eggs, respectively, could be expressed by manual pressure (or otherwise as prespermiating males and preovulatory females) and used as either test subjects or odorant donors in a flow-through (0.07 m s Ϫ1 ) maze (4.6 m by 1.2 m) with a plywood bottom and sides and a partition in the middle that extended 2.4 m from the upstream end, and with plastic meshes blocking fish movement at both the upstream and downstream ends. Odorant donors were held above the upstream mesh. Between 0700 and 1700 hours, a single test subject was acclimated for 10 min in the maze, and its behavior was video recorded for 20 min. Then, five lampreys (all of one sex and maturity) were introduced into the mesh chamber on a randomly chosen side, and the behavior of the test subject was recorded for another 20 min. When washings were used, a spermiating male was held in 10 liters of water for 4 hours, and the water was introduced into the odor chamber at 75 ml min Ϫ1 . Naïve observers scored videotapes for the total time spent in the experimental and control sides before odorant introduction (Be and Bc) and the time spent in both sides after odorant introduction (Ae and Ac). To measure the attraction of test subjects to the conditioned side of the maze, the scores were used to calculate an index of preference (I) ϭ [Ae/(Ae ϩ Be) -Ac/(Ac ϩ Bc)]. A similar index was computed for search behaviors that involved pacing back and forth across the upstream barrier, increased swimming speed, and rapid beating of the tail by the test subject. 14. M. Siefkes, S. Yun, A. Scott, W. Li, data not shown. 15 . J. R. M. Kelso, W. M. Gardner, N. Am. J. Fish. Manage. 20, 132 (2000) . 16 . A field study was conducted in a 65-m segment of the Ocqueoc River, Presque Isle County, Michigan, a tributary to Lake Huron, with a barrier to prevent lamprey migration from the lake. The average discharge was 2.3 m 3 s Ϫ1 . Upstream, an island divided the streams into two channels. Cages (1 m 3 ) of plastic mesh (ϳ1.5 cm mesh size) containing five male lampreys (spermiating or prespermiating) were randomly placed in the two channels. A female fitted with an external radio transmitter (14) was acclimated in a cage for 2 hours, released 65 m downstream, and its location was recorded every 5 min. Tests were conducted between 0700 and 1700 hours in water temperatures ranging from 12°C to 24°C. 17. A lamprey was placed in 10 liters of aerated water for 4 hours and then removed. 
Functional Annotation of a Full-Length Arabidopsis cDNA Collection
Full-length complementary DNAs (cDNAs) are essential for the correct annotation of genomic sequences and for the functional analysis of genes and their products. We isolated 155,144 RIKEN Arabidopsis full-length (RAFL) cDNA clones. The 3Ј-end expressed sequence tags (ESTs) of 155,144 RAFL cDNAs were clustered into 14,668 nonredundant cDNA groups, about 60% of predicted genes. We also obtained 5Ј ESTs from 14,034 nonredundant cDNA groups and constructed a promoter database. The sequence database of the RAFL cDNAs is useful for promoter analysis and correct annotation of predicted transcription units and gene products. Furthermore, the full-length cDNAs are useful resources for analyses of the expression profiles, functions, and structures of plant proteins.
Arabidopsis thaliana has been adopted as a model organism in the study of plant biology because of its small size, short generation time, and high efficiency of transformation (1). (6, 7) , the United States (8, 9) , and Japan (10). These projects have produced EST data from different tissues, organs, seeds, and developmental stages (6) (7) (8) (9) (10) . However, these EST projects are based on cDNA libraries in which most of the inserts are not full-length. ESTs are useful for making a catalog of expressed genes, but not for further study of gene function. Consequently, genome-scale collections of the full-length cDNAs of expressed genes become important for the analysis of the structure and function of genes and their products in the functional genomics era.
We previously made full-length cDNA libraries using the biotinylated CAP trapper method (11, 12) from Arabidopsis plants (13) . Here, we constructed Arabidopsis full-length cDNA libraries from plants grown under different conditions as reported previously (11) (12) (13) (14) (15) by the biotinylated CAP trapper method using trehalose-thermoactivated reverse transcriptase. We used ZAP (11, 13) †These RAFL cDNAs were not used for clustering, because only 5'-end single-pass sequencing had been done on these clones.
‡The information on FLC-1-B and FLC-1-E vectors was described previously (16). §cDNAs were normalized or subtracted in the construction of normalized or subtracted full-length cDNA libraries as described previously (18) .
of clones and translation of proteins from full-length cDNA are easier and more efficient because of the elimination of the GC tail. Normalization and subtraction procedures (18) were also introduced in the construction of full-length cDNA libraries [RAFL11, 12, 13, 17, 18, 19, and 21 ( Table  1) ] to reduce the representation of highly expressed mRNAs in the library and to remove cDNAs already categorized by means of one-pass sequencing, respectively. The method is based on hybridization of the first-strand full-length cDNA with several RNA drivers, including starting mRNA as the normalizing driver and run-off transcripts from rearrayed clones as subtracting drivers. This method should dramatically enhance the discovery of new cDNAs. The overall strategy for preparing cDNA libraries, including standard, normalized, and subtracted libraries, has been described previously (19) . We constructed 19 fulllength cDNA libraries from Arabidopsis plants grown under various stress, hormone, and light conditions from plants at various developmental stages and from various plant tissues.
We performed single-pass sequencing of the cDNA clones from the 3Ј end. The 155,144 3Ј ESTs were clustered and then mapped onto the Arabidopsis genome ( Fig. 1 and supplemental text) (15) . Finally, 14,668 nonredundant RAFL cDNA clones were identified and mapped on the Arabidopsis genome (Table 1 and Fig. 1 ). The information on the 14,668 RAFL cDNA clones (the "RAFL cDNA" genes) is available in Web tables 1 and 2 (20) . Assuming that the total number of Arabidopsis genes is about 25,000, the RAFL clones should account for about 60% of all Arabidopsis genes. Our evaluation of 349 RAFL cDNA clones by single-pass sequencing showed that ϳ98% of the clones contained both start and stop codons. Thus, the cDNA libraries constructed by the biotinylated CAP trapper contained a very high proportion of full-length cDNAs.
From the 5Ј-end sequences of mRNAs, the promoter sequences can be obtained by comparison with the Arabidopsis genomic sequences. We also obtained 5Ј ESTs of 14,034 RAFL cDNA clones and constructed a promoter database (21) using the PLACE database (22) . The Arabidopsis promoter database shows genomic sequences 1000 base pairs (bp) upstream from the 5Ј termini of each RAFL cDNA clone and about 300 cisacting elements known from plants (Web table 1) (20) .
Of the 14,668 RAFL cDNA clones mapped onto the Arabidopsis genome, 13,831 were matched to Munich Information Center for Protein Sequences (MIPS) protein entry codes (Fig. 2) , leaving 837 RAFL cDNA clones unmatched (Fig. 2, Web fig.   Fig. 1 . Strategy for clustering of the RAFL cDNA clones. A total of 155,144 RAFL cDNA clones isolated from 19 full-length cDNA libraries were subjected to single-pass sequencing from the 3Ј ends of the cDNA. The 3Ј-end single-pass sequencing data were used in the two steps for clustering as described in supplemental methods (15) . After the second clustering, the best quality sequence was chosen as the representative of the group. The 3Ј EST of each representative clone was then mapped onto the Arabidopsis genome as described in the supplemental text (15) . As a result, 14,878 nonredundant representative 3Ј ESTs were mapped on the Arabidopsis genome. Next, the 14,878 cDNA clones were subjected to single-pass sequencing from the 5Ј end of the cDNA. The 5Ј end sequencing data were then mapped onto the Arabidopsis genome with the BlastN program (15) . Finally, the 14,668 nonredundant RAFL cDNA clones mapped on the Arabidopsis genome were identified.
Fig. 2. Current compilation of expressed genes in Arabidopsis.
The left-hand Venn diagram shows the two classes of the 17,956 experimentally identified genes. Of these genes, there are 14,668 RAFL cDNA genes isolated in this study (red and pink circles) and 14,682 reported EST or cDNA genes (yellow circle), including EST genes identified by EST analysis, CERES cDNAs, and Arabidopsis expressed genes that Arabidopsis researchers have cloned and sequenced by traditional cloning. Of 14,668 RAFL cDNA genes, 837 newly identified genes that were not predicted and 2437 newly identified genes that were predicted existed. The right-hand Venn diagram shows the intersection between the total number of predicted genes (26,285, blue circle) and the experimentally identified genes (17, 956 , pink circle). The green region of intersection shows the 17,119 experimentally identified genes that have been predicted. The blue region of nonintersection shows the 9286 predicted genes that have not been experimentally confirmed yet. The pink region of nonintersection shows the 837 identified genes that are not predicted by AGI. In addition, in some cases, pairs of seemingly separate predicted genes correspond to a single experimentally identified gene. Conversely, single predictions sometimes correspond to more than two experimentally identified genes. The last two facts explain why 17,119 genes correspond to 16,999 predicted genes. (25) . Altogether, these genes (the "reported EST or cDNA" genes) were subjected to homology search (26 ) against the sequence database of its corresponding MIPS protein entry code using the BlastN program. The reported EST or cDNA genes covered a total of 14,551 MIPS protein entry codes (Fig. 2) . Also, 2437 of the RAFL cDNAs mapped to the MIPS protein entry codes were novel genes not identified so far (Fig. 2) . ESTs or cDNA genes have been reported for 3288 MIPS protein entry codes, but no RAFL cDNA genes have been identified (Fig. 2) . A total of 11,394 genes corresponded to both reported EST or cDNA and RAFL cDNA genes. These results bring the total number of Arabidopsis genes whose expression has been experimentally confirmed to 17,956 (Fig. 2) . In comparison, AGI lists 17,119 experimentally confirmed genes, of which 16,999 were predicted (Fig. 2) . The discrepancies are likely due to two predicted genes corresponding to a single experimentally identified gene (Web fig. 1A ) (20) , or single predicted genes corresponding to more than two experimentally identified genes (Web fig. 1B) (20) . Some RAFL cDNA clones correspond to each of these circumstances (Web tables 3-1 and 3-2) (20) .
1C, and Web
We conclude that 9286 predicted genes need further data to be confirmed as expressed genes or unidentified genes (Fig. 2) . Because these unidentified genes have not been confirmed by any ESTs, some of the predicted genes represent false positives or pseudogenes. Alternatively, these unidentified genes might have remained undetected by the EST approach because of their weak expression in specific tissues.
The biological roles and biochemical functions of RAFL cDNA clones were identified by homology search using the BLAST program ( Table 2 ). The results show that cDNA clones of some functional categories, such as energy production, protein synthesis, and ion homeostasis are well represented in RAFL. More than 80% of cDNAs for genes involved in energy production, protein synthesis, and ionic homeostasis were found in RAFL, and ϳ70% of cDNAs for genes involved in metabolism, protein destination, cellular transport and transport mechanisms, and cellular organization were found in RAFL. It has been estimated that ϳ1500 transcription factor genes (27 ) and about 1000 protein kinase genes (28) exist in the Arabidopsis genome. The RAFL cDNA collection includes 1087 transcription factor and 506 protein kinase genes ( Table 2) .
Although many algorithms have been written to predict a transcription unit from genomic sequence data, the accuracy of their predictions is still limited. A more direct and efficient approach to identifying coding sequences is to sequence full-length cDNAs. Complete sequences of RAFL cDNAs will be useful for gene identification and positional cloning. The RAFL cDNA clones are publicly available from the RIKEN Bioresource Center. ‡This number represents the number of Arabidopsis protein kinase genes in the PlantsP database (28) .
§A recent paper (27) estimates 1533 genes coding for transcription factors in Arabidopsis.
